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ABSTRACT

S_ince 1994, the American Psychological Association has advocated the inclusion
of effect-size reporting in research to elucidate the st;ltistical significance of stuciies based
on sample size. In 1999, the APA Task Force on Statistical Inference emphasized that
effect sizes should always be reborted along with p values. In 2001, the 5th edition of the
APA Publication Manual stressed the imponance of including an index of effect size to

- clarify how much difference exists. As a result, many research journals require authors to
include effect-size statistics. While researchers will comply and follow editorial
leadership in this regard, there is little_ guidance for investigators in which statistics they
should use to report effect size for univariate and multivariate research designs. This

paper is an attempt to review the variety of methods suggested for reporting effect size.
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Interpreting and Reporting Eﬁ¢ct Sizes in Résearch Investigations
Introduction

Statistical significance tests have been essential fo: social science and educati;onal
research for the past 70 years, but they have been criticized for aependency on sample
size. In an effort to correct for this limitation, the 1994 edition of the American
Psychological Association (APA) publication manual encouraged the use of effect-size
rejworting and many journals now require it. In 1999, the APA Task Force on Statistical
Inference emphasized that effect sizes should always be reported along with p values.
Subsequenltly, in 2001, the 5th edition of the APA Publication Manual stressed the
importance of including an index of eﬁ‘éct size. Alfhough ‘the concept of effect size has
‘existed for many years, it remains perplexing to ihvestigators and reports of efféct sizes
remains ini_'reduent. Effect size is the difference between the null and alternative
hypothesés, and can be measured either using faw or standardized values. At issue is the
probability of getting a statistically significant result if there is a real effect in the
4populati{on.under examination. If a test is not signiﬁcant, it is important to know if this is
because there is. no effect or because the research design did not detect it.

Reéent résearch of the literature has revealéd at least 61 different effect-size
“s;atisltics:(EknOre, 2001). Due to the large number, selection and appropriate
'in_terpr_etation of effect-size statistics i's'pro'blemat'ic. Few software programs contain
automatiévmethods-for their detemﬁnation"l’he purpose of this paper is to provide an
overview of formulas for computing corrected and uncorrected effect-size statistics, and
review suggested guidelines for their uses in data analysis and reporting for univariate

and multivariate studies.
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- Effect Sizes

There are two major classes of effect sizes and a third, “miscellanéous” category
described by Kirk (1996)): (a) variance-accounted-for effect sizes, and b) standardized
mean differences effect sizés. Variance-accounted-for effect sizes (VAF E) can always be
computed since ail paranietric analyses are correlational (Knapp, 1978; Thompson, 1984,
1991). Effect sizes in this class include indices such as £, R?, and n’. A VAFE size is the

{ ratio of explained variance to total variance. For example; it can be obtained by dividing

the sum-of-squares for an effect by the sum-of-squares tétéL -. |

In ANOVA, the resulting effect size is called eta squared (n®). In multiple
regiession, the resﬁlting effect size is c:alled the squared multiple correlation (R?). The

formula in either case is

R2 - ,n2 = S_O_S_Emain-ed
SOStotal

Variance—accé‘mted for effect sizes can range froxﬁ 0to 1.. Hence the amount of
variance.accounted for by the independent variable, namely SOSgxpiained, can explain a
range of variance fro'n; none to the total exhibited.- Hei_xce, effect size represents the .
percentage of the total variance explained by the independgﬁt variable.

: g | - -The pth_er clasé is the standardized difference effect size, representing the mean

&iﬂ‘erences_ in umts of common population standard deviatioﬁs. Standardized difference

_ efféct sizes véry m how they can be used to esﬁi_mate the standard deviation for the
pobulafion; Effect sﬁeé in this clasé include indices such as Cé_hen’s d, Glass’A, and

"Hedges’ g. .




(Aaron, Kromrey & Ferron,1998):
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Cohen’s d is the most common example of 2 standardized effect-size statistic. It
uses all the variance across the groups (SDpooted) because it is based on a larger N. The

formula is

d= MMHAL:Mcommll ,
SDpooled

Another example of staﬁdardized difference effect size is Glass’s A, which uses
the SD of only the control groui) as an estimate of the SD of the population. This statistic
expresses eﬁ'ect in standard deviation units and can be positive of negative and not
bounded by 1 or 0 as the variance-accounted for effect size. It is exactly equivalent to a
Z-score of the standard Normal distribution. Hence, it can be converted info statements
about overlap betWeen the fwo sami;les in terms of a comparison of percentiles.

The existeﬁce of two different metrics with differe:nt ranges of values complicates
interpretation of effect sizes. HoWevér, effect sizes in these two classes can be
transformed into metﬁcs of the other. For example, Cohen’s d can be converted to an 7
(Cohen, 1988): - |

r=d/[(d*+47]

When total size is small or group sizes are disparate, the following formula can be used

s /I ~2N)/(ou 2 %Y’
Also, an r c.an"l-)e converted to a d (Friedman, 1968): |
| d= pA/-A
Interpr:etation. of the magnifude was recommeﬁded by Cohen (1988), who

cauﬁously‘charécferized effects as "small," "medium," and "lérge" for d and 2. A small

- effect size (d = .2) is less thana medlum effect (d = .5) and this is less than a large effect

6
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(d = .8). Cohen interprets a medium effect as one that is visible to the naked eye ofa
careful observer. A small effect size, although noticeable, is not so small as to be trivial.

" Table 1 shows a summary of Cohen’s interpretations.

Table 1. Interpretation of Effect Size

| Characterization | d | 7
( “low” - 02| 1.0%
“medium” 0.5 5.9%
“large” - 10.8]13.8%

Aithough these standards are conlmonly used when reporting eﬁ‘ecf sizes, Huck
(2000) suggests establishing standards based on the raw units of the .instrumen_t used as a
dependent variable. For example, if the task is the completion of a math drill, the
researcher might determme that a nontrivial effect should consist of a ten-second dropi in’
time between the experlmental and control group. This “standard” should be based on
the standard dev1at10n of the populatlon from which the mference is drawn. Ifone
standard deviation for this math test is 20 seconds it mlght be argued that halfa standard
deviation difference (10 seconds) is v1s1ble to the naked eye and could be regarded asa
medium eff_ectT The appraisal of effect s1zes innerently requires the researcher to
introduce personal value judgments about the practical or clinical imnortance of eﬁects.
As Baugh and Thoinpson (2(_)01) stress, even smallz effect estimates may be important

when the outcomes are critical, such as in life-or-death matters.
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In additicn to standardized diﬁ‘erence and VATE sizes, there are “uncorrectéd”
and “cbrrected” effect sizes. The theory of “ordinary Jeast squares” used in “classical
statistical methods, such as ANOVA and regression, tend to capitalize on all the variance
present.in the observed sample scores. This variance includes the “sampling error
variance” that is unique to the sample under study. Hence, the VAFE sizes, such as e |
and RZ; which use the variance, tend to overestimate the effects that would be replicated

(  inthe population or in future samples.

The extent;of oveféstimation or positive bias in the sample VAFE size estimate
can be corrected. The corrected effect size is obtained by removing the estimated
sampling error variance. Corrécted estimates are always less than or equal to uncorrected -
estimates. The corrected VAFE sizes include indices such as adjusted R, Hay;«s’s o’, and
Herzberg’s R*. For standardized mean diﬂ‘efence effect size, a corrected effect si;e is

~ Thompson’s “corrected”d. There is more sampling error variance Whén (a) éémple sizes
are smaller, (b) the number of observed variables is larger, or (¢) thé population eﬂ'éct is
smaller. Hence, i;t‘is better to use corrected effect-size statistics if any éne of th¢
following is true:
o F,t, or R? values are just above thé' critical level for statistiéal si_gxﬁﬁcance
e N is small
o An initial calculation of an uncorrected effect-size statistics suggests that the
effect size is small | |
Snyder and Lawson (1993) .also suggest uée_ of corrected efiect sizes when the ratio of |

participants to dependent variables is less than 5:1.

BEST COPY AVAILABLE
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Examples of L_incorrected effect-size meesures are "qz, R?, Cohen’s d, and Glass’s

A. Some corrected effect measures are adjusted R%, Hays’s o, €, and' the Ezekiel
formula (Thompson, 2002). Selecting the appropriate effect-size measure among so
many options is cemplex, not only because of the range. of available choices, but also
because there is a lack of common agreement in the field (Thompson, 1999; Snyder &
Thompson, 1998; Vacha-Haase, Nilsson, Reetz, Lance, & Thompson, 2000). Journal
editors apparently welcome any choice of statistics that can be substantiated with reason.
Although present circumstances are incohclusive, selection of an appropriate statistic can
be made by determining that it is in concordance with the statistical analyses of the data.

| The choice of effect size measﬁre should depend primarily upon the researcher’s

intention to generalize results to other samples or to the population. If a researcher wants

"o use results from a previous sample to generalize to future samples, then examples of

effect-size- measures to use are ° , partial )2, Herzberg and Lord formulas. Examples of

effect-size measures designed for developing population expectations are adjusted RZ,

_ Hays’s oaz and the Interclass correlation pL.

Although ANOVA can be considered a spemal case of regress1on analysxs

' ‘(Cohen, 1968), different statistics are used with each analyS1s Effect-size measures used
in ANOVA are 1, partial 1%, & Hays s ’, and Cohen’s d. For regressmn analysis some

effect-sxze measures are R%, adjusted R? &, and the Ezekiel formula

"Fixed des1gns and random—eﬁfect des1gn have also dtfferent eﬁ’ect-sxze measures

éssociated with them. leed models assume that levels in factors are ﬁxed in an AN OVA

~ design or the values of the predictor factors are fixed in a regressmn mode. That is, either

all the levels of independent vanables are used or the researcher wants to generalizeto

g 'BJ};ST COPY AVAILABLE.
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“the 1eyels abtuaﬂy used in the study. A replication would néed to use the same levels. In
a random effect design, the résearcher randomly selects the levels of the independent
values to be used. Generalizations can be made to other levels, and replication studies

* could use other randomly sele.cted levels. While the Ezekiel formula and £*.are
exclusively used for fixed designs, the Herzberg formula and Hays’s o have alternative
formulas for fixed or random effects.

A mli-variat.e design examines the relatio-nship between one orl more independent

' variables and a siﬁgl_e dependent variable. A multivariate design examines multiple
dependént variables. 'Cano'nical correlations and multivariate analysis 6f variance
(MANOVA) are éxamples of multivariate techﬂqués; Different effect-size statistics are
used for ugivariate and multivariate analyses. Effect-size statistics used for univariate
analjs@ are 17, pamal %, €, Hays’s o, R%, Ezekiel formula, and éoheﬁ’s d. For
multivariate analyses the effect-size statistics to use are D? and 1-)» (Stevens, 1992).
Table 2 contains formulas for common eﬁ‘ect-size‘ Statistics. |

Conclusions
The incorr;act interpretation of statistiéal significance has stimulated a movement
to report results that include effect size for significant and nonsigniﬁcant resulté. Itis

-assumed that use of effgct size can avoid interpretations that may be errpneou’sly applied
'to th.el general ﬁbpulaﬁqn.' In other words, reports of a Signiﬁcant differeﬁce should be
clarified w1th the size of thé difference. This review has provided a surVey of various

_ mcthbds tﬁat have been recommended. | |

- There is no common agreement about the statistical_ methods and disagreement

about the interpretations of various effect-size statistics that may be used. Whenever

BEST COPY AVAILARL g
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possible, there should be an objective method of detgrmination. Whilenoverstating the
significance of research results can be ameliorated with effect-size reports, there needs to
be further resear;:h and clear strategies for effect-size réporting, perhaps by disciplines,
and especially in fields and research topiés whefe interpretation of effect size relies upon
subjective interpretation. In such cases, the researcher should provide a clear rationale for
the approach.

(- Table 2. Formulas of Common Effect Size Statistics.

Cohen’s d (Mexpenmental — Meontrot) / SDpooled
Glass’s A . - (Mexperimental — Mcontrot) / SDcomm_l
Hedges’s g | (Mexperimental — Meontrol) / SDmled
Fta squared, 7 | SSexsrect / SStotal -

Partial eta squared, n;? | SSextioct/ (SSexttet + SSexror)

Epsilon squared, £” (SSexsrect — (Afesrect)MSexrror)) / SStotal

Omega squared fixed, > | (SSextiost — (Aostec)(MSexror)) / (MSerror + SStora)

Omega squared random, | (MSexrect — MSexrror) / (MSetrect + (Aftota) M Sexrror))

Interclass corr elation,v P (MSexsreat — MSerror)/ (Msexﬁ‘gct + (dfeﬂ'ect)(MSemor)

Y | SSadba/ SSom
adjusted R2 | R_(-B)*&/@-k-1))
{ Herzberg fixed _' R f1-((n-l_)/(n-k—l))*(l—sz
Hebergrandom ~ | 1= (@= 1/ (@—k-1)) * (@—2)/ (a—k-2)) * (@+ D)/m) * (1 - KO
Ezekiel  |1-(@-D)/ kD) AR | | |
1 Tord - 1—.(1.—‘R2)*((n-kal)/(n—i(—l))
Nahamobs 7 | '.4F.(.(N—2)/N)*(df1/df2) —
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